Introduction {#sec1-1}
============

Southeast Asia consists of 10 countries with a total population of about 400 million. The ethnic origins of people living in these countries are very heterogeneous. The Mon-Khmer and Tai language-speaking people occupy Thailand, Laos, Cambodia and some parts of Vietnam, Myanmar and Malaysia. The west includes the Burmese (Tibeto-Burman) and the northeast is the Vietnamese (Austro-Asiatic). The Malayopolynesians (Austronesian) live in Malaysia, Indonesia, Brunei, the Philippines and a number of Pacific island nations. Chinese and Indians are relatively newcomers spread throughout the region[@ref1].

Haemoglobinopathies are the most common genetic disorders among the people living in Southeast Asia. Thalassaemias, globally the commonest monogenic disorders, are a heterogeneous group of anaemias that result from defective synthesis of the globin chains of adult haemoglobin. In Southeast Asia α-thalassaemia, β-thalassaemia, haemoglobin (Hb) E and Hb Constant Spring (CS) are prevalent. The gene frequencies of α-thalassaemia reach 30-40 per cent in Northern Thailand and Laos, 4.5 per cent in Malaysia and 5 per cent in the remote island of the Philippines whereas β-thalassaemias vary between 1 and 9 per cent. Hb E is the hallmark of Southeast Asia attaining a frequency of 50-60 per cent at the junction of Thailand, Laos, and Cambodia. Hb CS gene frequencies vary between 1 and 8 per cent[@ref2][@ref3]. These abnormal genes in different combinations lead to over 60 different thalassaemia syndromes, making Southeast Asia the locality with the most complex thalassaemia genotypes[@ref4]. The four major thalassaemic diseases are Hb Bart\'s hydrops fetalis (homozygous α-thalassaemia 1), homozygous β-thalassaemia, β-thalassaemia/Hb E and Hb H diseases.

Clinical manifestations of α-thalassaemia range from asymptomatic cases with normal findings to the totally lethal Hb Bart\'s hydrops fetalis syndrome. α-Thalassaemia, most often, is due to gene deletions whereas β-thalassaemia is very heterogeneous at the molecular level[@ref5][@ref6]. Point mutations and small deletions or insertions in the β-globin gene sequence are the major molecular defects responsible for most β-thalassaemia. Homozygosity of β-thalassaemia results in a severe thalassaemic disease, in which most patients die within the first decade of life. Compound heterozygosity between β-thalassaemia and Hb E leading to β-thalassaemia/Hb E disease is also common. The patients present variable severity of anaemia, and some can be as severe as homozygous β-thalassaemia[@ref7]. This condition poses a major public health problem throughout Bangladesh, Burma and Southeast Asia. In Sri Lanka nearly 50 per cent of transfusion-dependent thalassaemic children were found to have β-thalassaemia/Hb E[@ref8][@ref9]. In Thailand approximately 3000 new cases are born each year while there may be ten times as many in Indonesia. Therefore, it is timely to set a strategy for prevention and control of thalassaemia, which includes population screening for heterozygote, genetic counselling and foetal diagnosis with selective abortion of affected pregnancies. The national thalassaemia network should be initiated to strengthen the prevention and control programme of thalassaemia in each country.

The α-thalassaemias {#sec1-2}
===================

α-Thalassaemia is associated with variable degree of α-globin chain deficit that reflects the number of the affected α-globin genes. However, molecular defects of α-thalassaemias are heterogeneous. Normal individuals have two α-globin genes (αα) linked on each chromosome 16. α-Thalassaemia in Southeast Asia is most often due to α-globin gene deletion[@ref10]--[@ref12]. The severe form of α-thalassaemia, α-thalassaemia 1, involves a deletion that removes interstitially both of the duplicated α-globin genes (\--) on one chromosome, resulting in complete abolishment of α-globin production (α°-thalassaemia). Only a few individuals have the phenotypes of α-thalassaemia 1 due to deletions involving the 40 to 33 kb-upstream DNA sequences (HS-40 and -33) that are highly conserved and may contain a remote regulatory element for full α-globin gene expression[@ref13][@ref14].

The milder form of α-thalassaemia, also known as α^+^-thalassaemia, has a reduced α-globin gene expression. This could be caused by either deletional that has one α-gIobin gene left functioning (-α, previously known as α-thalassaemia 2) or non-deletional mechanism (α^T^α or αα^T^). Two common types of deletional α-thalassaemia 2 have been identified, one involving a deletion of 4.2 kb of DNA (leftward type, -α^4.2^) and the other of 3.7 kb (rightward type, -α^3.7^). The latter is more frequent in Thailand and Southeast Asian countries representing for about 95 per cent of deletional α-thalassaemia 2[@ref11]. The -α^4.2^ deletion is more frequent in Papua New Guinea and Vanuatu in Melanesia. In addition, there are several α-globin chain variants occurred on the chromosomes with the -α^3.7^ or -α^4.2^ type *i.e*. Hb Q-Mahidol (Thailand) in Thai and Chinese, Hb G-Philadelphia in the Black population and Hb J-Tonkarigi in Pacific Island[@ref15]--[@ref17].

The non-deletional α^+^-thalassaemias are extremely rare and most of the mutations involve the α2 gene, which has a higher expression than the α1 gene with a ratio around 3:1[@ref18]. Haemoglobin Constant Spring (CS), the most common non-deletional α^+^-thalassaemia in Southeast Asia, is a variant with elongated α-globin chains. Hb CS has an α-thalassaemia 2-like effect because the mutation at the termination codon of the α2-globin gene, TAA-\>CAA, results in an unstable mRNA and only small amounts of Hb CS are produced[@ref19]. However, it has been found that about 15 per cent of patients previously reported to be Hb CS by haemoglobin analysis are in fact Hb Pakse, TAA-\>TAT in α2 codon 142[@ref20]. Other non-deletional α^+^-thalassaemias occurring from the highly unstable α-globin chains include Hb Suan-Dok (CTG-\>CGG in α2 codon 109), Hb Quong Sze (CTG-\>CCG in α2 codon 125), Hb Pak Num Po (+T in α1 codon 131/132) and Hb Adana (GGC-\>GAC in α2 codon 59)[@ref21].

Generally haematologic examination in the adult is not reliable for definite diagnosis of α-thalassaemia heterozygote. This is because α-thalassaemia 2 heterozygote is often indistinguishable from normal, and red blood cells of α-thalassaemia 1 heterozygote or α-thalassaemia 2 homozygote have microcytosis, which also occur in iron deficiency anaemia. However, a deficiency of α-globin chains leads to the excess γ-globins that form γ~4~ tetramers (Hb Bart\'s) in the foetus, and the amount of Hb Bart\'s in the cord blood may be used to predict the genotype of α-thalassaemia.
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Accurate diagnosis for α-thalassaemia syndromes is achieved by molecular biology techniques, mostly related to polymerase chain reaction (PCR).

Clinical heterogeneity of α-thalassaemia {#sec1-3}
========================================

In general, the clinical severity of α-thalassaemia phenotype relates to the number of affected α-globin genes. Individuals who have a deletion or inactivation of one α-globin gene usually do not present significant haematologic changes. When two α-globin genes are deleted either on the same chromosome (α-thalassaemia 1 heterozygote) or one on each chromosome (α-thalassaemia 2 homozygote), hypochromic and microcytic red blood cells are observed without anaemia. Inactivation of 3 α-globin genes due to deletions with or without non-deletional α-thalassaemia leads to the thalassaemia intermedia, called Hb H disease. Whereas the deletion of all four α-globin genes results in Hb Bart\'s hydrops fetalis, the most severe and lethal thalassaemia disease.

 {#sec2-1}

### Haemoglobin Bart\'s hydrops fetalis {#sec3-1}

Homozygous α-thalassaemia 1 is also known as Hb Bart\'s hydrops fetalis due to the presence of tetrameric unbound γ-like foetal globin chains (γ~4~, Hb Bart\'s). Although different forms of α-thalassaemia alleles have a worldwide distribution, the occurrence of Hb Bart\'s hydrops fetalis is almost confined to this region where the highest incidence of α-thalassaemia 1 exists[@ref3]. Because of the absence of α-globin chain synthesis, the foetus does not have either Hb F or Hb A. Haemoglobin electrophoresis shows large amounts of Hb Bart\'s and about 10-15 per cent Hb Portland (ζ~2~γ~2~). The foetus dies *in utero* or soon after birth because Hb Bart\'s does not release O~2~ to the tissues. The affected foetus is hydropic with abnormal development of vital organs such as brain and lung, and is thus incompatible with life. Maternal complications such as toxaemia of pregnancy have been observed in almost all pregnancies (Vaeusorn, personal communication). Ultrasonography provides unambiguous detection of Hb Bart\'s hydrops fetalis at 18-20 wk of pregnancy[@ref22]. DNA diagnosis from chorionic villi or amniotic fluid fibroblasts can detect Hb Bart\'s hydrops fetalis as early as 10-16 wk gestation[@ref23]. Therapeutic abortion is suggested for the foetus diagnosed as having this disease.

### Hb H disease {#sec3-2}

Usually the patients have no symptoms and do not need treatment when they are in a steady state. Correct diagnosis and understanding of the clinical phenotype are important; otherwise it causes anxiety and mishandling. In general, physical development of the patient is normal and only mild anaemia and jaundice are noticeable. However, the patients may have a sudden fall of haemoglobin levels with severe anaemia and jaundice after acute infection. Proper management of haemolytic crisis is important. Blood transfusion should be given along with treatment for infection and body temperature should be normalized as quickly as possible to reduce induction of Hb H precipitation occurring as the result of fever[@ref24].

Although most of Hb H patients are thalassaemia intermedia, there is a markedly phenotypic variability and the patients with identical α-globin genotypes can have different phenotypes. Two common genotypes lead to the occurrence of Hb H disease in Southeast Asia, *i.e*. α-thalassaemia 1/α-thalassaemia 2 and α-thalassaemia 1/Hb CS[@ref25][@ref26]. Both genotypes have similar clinical manifestations although the latter is slightly more anaemic and may have significant hepatosplenomegaly with requirement of transfusion. The average haemoglobin is 100±12 g/l in α-thalassaemia 1/α-thalassaemia 2 and 96±11 g/l in α-thalassaemia 1/Hb CS. This is because the expression of the two α-globin genes, α1 and α2, are unequal and the α2-globin mRNA is produced at a higher level than the α1-globin mRNA; the abnormality on the α2-globin gene will result in a more defective α-thalassaemia. This is evident by the fact that homozygosity or compound heterozygosity of non-deletional α^+^-thalassaemias involving the α2-globin gene can lead to a phenotype similar to Hb H disease. These include Hb CS/Hb CS, Hb CS/Hb Pakse, Hb CS/Hb Adana. Furthermore the latter, Hb Adana (Gly-\>Asp in α2 codon 59), which is a highly unstable haemoglobin variant, in combination with α-thalassaemia 1 can lead to the most severe form of Hb H disease called Hb H hydrops fetalis[@ref27][@ref28]. The foetus suffers from severe anaemia, hypoxia, and consequently with oedema, congenital abnormalities and death. Its interaction with other α-thalassaemia mutations also contributes to phenotypic variability of Hb H disease in Indonesian patients (Iswari Setianningsih, personel communication).

At birth the umbilical cord blood of the babies with Hb H disease contains about 25 per cent Hb Bart\'s. In adults the excess β-globin chains form β~4~ tetramers (Hb H), thus haemoglobin type is A+H. Hb H levels are usually higher in non-deletional Hb H disease than in the deletional genotype, 12.1±5.5 vs 7.9±4.2 per cent, respectively[@ref29]. Hb H is relatively unstable and can be oxidized to form intracellular precipitates. Multiple intraerythrocytic inclusion bodies can be detected by mixing a drop of blood with methylene blue or Brilliant Cresyl Blue. They are also higher in non-deletional Hb H disease, 77±10 vs 66±11 per cent. Formation of intraerythrocytic inclusion bodies was enhanced when the patients have fever and this might cause acute haemolytic crisis and suddenly severe anaemia.

### Hb AE Bart\'s and Hb EF Bart\'s diseases {#sec3-3}

This is the result of complex gene interactions of α- and β-thalassaemias. They present with thalassaemia intermedia phenotype and the symptoms are usually similar to Hb H disease. Hb AEBart\'s disease occurs as a result of inheritance of three specific genes, α-thalassaemia 1/α-thalassaemia 2 + Hb E or α-thalassaemia 1/Hb CS + Hb E. The typical characteristic of this disease is the haemoglobin phenotype of A+E+Bart\'s or CS+A+E+Bart\'s, respectively. Hb E constitutes 13-15 per cent of total haemoglobin because of the lower affinity of the β-globin chains for β^E^-globin chains as compared with the normal β-globin chains. Approximately 5-6 per cent of RBC can be demonstrated to contain Hb H inclusions, although Hb H is too low to be demonstrated by haemoglobin electrophoresis[@ref30].

EF Bart\'s disease is an uncommon form of thalassaemia intermedia resulting from the co-inheritance of the abnormal α- and β-globin genes. Haemoglobin electrophoresis revealed the typical phenotypes of E+F+Bart\'s or CS+E+F+Bart\'s. Hb E is the major component constituting about 85 per cent, with the minor components of Hb F and Bart\'s. Haemoglobin levels ranged between 61 and 104 g/l. DNA analysis indicates that four genotypes involving 5 abnormal globin genes are responsible for this thalassaemia syndrome[@ref31]. These are: Hb H (α-thalassaemia 1/α-thalassaemia 2) and homozygous Hb E; Hb H (α-thalassaemia 1/α-thalassaemia 2) and β-thalassaemia/Hb E; Hb H-CS (α-thalassaemia 1/Hb CS) and homozygous Hb E; and Hb H-CS (α-thalassaemia 1/Hb CS) and β-thalassaemia/Hb E.

Among these, Hb H-CS (α-thalassaemia 1/Hb CS) and homozygous Hb E patients are most common. A possible reason is that the presence of Hb CS leads to a more severe thalassaemia disease as is found in Hb H-CS disease.

The β-thalassaemias {#sec1-4}
===================

β-Thalassaemias are very heterogeneous, both in the molecular defects and the clinical manifestations. In Southeast Asia β°-thalassaemia far exceeds β^+^-thalassaemia. Different molecular mechanisms, most of which are base substitutions or small deletions or insertions of one or two nucleotides in the β-globin gene are responsible for β-thalassaemia[@ref6][@ref32]. Moreover, it has been found that β-thalassaemia mutations are relatively population specific, *i.e*. each ethnic group has its own set of common mutants[@ref33]--[@ref36]. Haemoglobin E occurs from a mutation at position 26 of the β-globin chain (glu-\>Iys). The abnormal gene also results in the reduced amounts of β^E^-mRNA and in synthesis of β^E^-globin chains[@ref37]. Therefore, Hb E has a mild β^+^-thalassaemia phenotype and homozygous Hb E is asymptomatic. There is no evidence of anaemia and jaundice, and hepatosplenomegaly is not observed in the majority of cases. Globally, by far the most important intermediate form of β-thalassaemia is β-thalassaemia/Hb E, which is much more common than homozygous β-thalassaemia. Furthermore, in every country in which β-thalassaemia is common, clinically similar intermediate forms also constitute with increasing proportion of the clinical load imposed by the disease.

Homozygous β-thalassaemia is a severe disease. Children with β-thalassaemia major appear healthy at birth because Hb F is still functioning. Pathology occurs when the α-globin gene is switched off at 8 to 12 months after birth but there is no β-globin expression. Defects in the globin genes result in impaired globin chain synthesis leading to the reduced haemoglobin content of red cells and consequent red cell pathology. Ineffective erythropoiesis and shortened red cell survival will lead to chronic anaemia in thalassaemia. Without treatment, the spleen, liver, and heart become greatly enlarged. During the first decade of their life they become pale, listless and fussy, and have a poor appetite. They grow slowly and often develop jaundice. Bones turn thin and brittle, osteoporosis and osteopenia, and face bones become distorted. In this region many children with major thalassaemic diseases are still treated by a minimal transfusion programme and only a few of them receive regular iron chelation. Most of these thalassaemia major patients die in the paediatric age group. Heart failure due to anaemia and infection are the leading causes of death among untreated children.

β-Thalassaemia/Hb E has a wide spectrum of severity. The haemoglobin levels range between 30 and 130 g/l[@ref7][@ref38][@ref39]. The patients with a very low haemoglobin levels have defective physical development, thalassaemic facies, jaundice and hepatosplenomegaly similar to homozygous β-thalassaemia cases. Excess α-globin chains cause ineffective erythropoiesis that leads to anaemia and increased haemolysis leads to jaundice. Severe anaemia results in massive erythropoiesis with several consequences such as defective physical development and thalassaemic facies resulting from the expansion of the bone cavity. Extramedullary haemopoiesis leads to enlarged liver and spleen. The massive erythropoiesis also induces increased iron absorption from the intestine which results in iron overload[@ref40]--[@ref42]. Degenerative changes followed iron overload can cause cardiac failure, hepatic fibrosis, and other complications as occurs in other thalassaemia major cases. Severe thalassaemic patients may develop hypersplenism in which splenectomy must be considered. However, many complications are observed among splenectomized cases. Severe infections are major causes of death in splenectomized patients. The causative organisms may differ in children and adult patients and the pattern of infections may differ among different populations. Splenectomized patients have frequently been found to have low arterial oxygen saturation or hypoxaemia. Thromboembolism in the pulmonary arteries is frequently detected in adult patients at autopsy. Hypoxaemia may be related to platelet aggregation in the pulmonary circulation and treatment with platelet aggregation inhibitors such as aspirin is beneficial to patients with reversible hypoxaemia[@ref43][@ref44].

The clinical picture of the compound heterozygous state for β-thalassaemia and Hb E can be influenced by both genetic and environmental factors. Well defined genetic modifiers include different interactions of β-thalassaemia alleles of varying severity, co-inheritance of α-thalassaemia alleles, and the relative level of persistent foetal haemoglobin synthesis. The latter appears to be the most important factor in phenotypic modification.

Modifying factors of severity in β-thalassaemia/Hb E disease {#sec1-5}
============================================================

To identify genetic modifiers influencing disease severity, we have conducted a genome-wide association study in a group of Thai β-thalassaemia/ HbE patients. The clinically mild and severe β-thalassaemia/Hb E patients were classified based on their disease severities, after exclusion of α- and β^+^-thalassaemia co-inheritances, using a validated scoring system[@ref45]. Six representative parameters included haemoglobin level, age of onset, age at first blood transfusion, requirement of blood transfusion, spleen size or splenectomy and growth. Twenty three single nucleotide polymorphisms (SNPs) in 3 independent genes/regions were identified to be significantly associated with the disease severity. The highest association was observed with SNPs on the β-globin gene cluster (chr.11p15). The others were the intergenic region between the *HBS1L* and *MYB* genes (chr.6q23) and the *BCL11A* gene (chr.2p16.1)[@ref46]. All three loci were replicated in an independent cohort of Indonesian patients. In addition, association to the foetal haemoglobin level, which is one of the major modifying factors of severity in β-thalassaemia/Hb E disease was also observed with SNPs on these three regions.

In the β-globin gene cluster linkage disequilibrium (LD) analysis revealed a large LD block spanning from a locus control region (LCR) to the δ-globin gene, which includes the four functional β-globin-like genes (*HBE1, HBG2, HBG1* and *HBD* genes) and one pseudogene (*HBBP1*, haemoglobin beta pseudogene 1). The most significant association to disease severity is the SNP located on *HBBP1* gene, which is surrounded by two functional genes, *HBG1* and *HBD*. Our study[@ref47][@ref48] also showed that this SNP was highly linked with the *Xmn*I polymorphism 158 bp upstream to the *HBG2* gene previously reported to be associated with HbF levels. We hypothesized that these may act as co-regulating to affect the HbF level.

The second most significant region was mapped on the *HBS1L-MYB* intergenic region on chromosome 6q23. The most significant SNP in this region is in strong linkage disequilibrium with previously reported SNPs that also showed a significant association with F cell levels[@ref49]. The third significant gene is the *BCL11A* on chromosome 2p15. The most significant SNP of this region is located on intron 2 of *BCL11A* gene. This SNP is located in the same LD block to SNP that has been reported as the most highly-associated SNP with Hb F levels[@ref50][@ref51]. Nevertheless, until now the biological effects of these polymorphisms in modulating levels of Hb F are still unknown. Hence our study confirmed the evidence of an association among the β-globin gene cluster, *HBS1L-MYB*, and *BCL11A* that act as the modifying factors for β-thalassaemia severity.

Previous studies have shown that *Xmn1* accounts for approximately 13 per cent of the variation in Hb F in normal Europeans and for a similar proportion in a Chinese sample heterozygous for the β-thalassaemia mutation[@ref52]. In addition, about 15 per cent of the Hb F variance was explained by a polymorphism in *BCL11A* on 2p15, 19 per cent by an intergenic variant in *HBS1L-MYB* on 6q23, and 10 per cent by *Xmn1* in Europeans without haemoglobinopathies. Increased foetal haemoglobin levels can ameliorate the disease severity of β-thalassaemia by reducing imbalanced globin chain synthesis. Nevertheless, the Hb F level alone cannot fully explain the variation of disease severity in β°-thalassaemia/Hb E disease. In order to investigate the epistasis among these three regions to Hb F levels, the three most highly-associated SNPs with Hb F levels in each locus were selected and the box plots of foetal haemoglobin levels with the numbers of high-Hb F allele(s) were performed. The analysis showed the increased Hb F levels according to the increased numbers of high-Hb F allele(s)[@ref46]. The frequency of high-Hb F alleles in each SNP may be different among populations. The most significant SNP associated with disease severity in Thai population may not be the best SNP that represented as the best marker to predict the disease severity in the other population. Therefore, genotyping of the additional SNPs on the three loci are required to find the most informative SNPs for prediction of disease severity in other populations.

Prevention and control of thalassaemia {#sec1-6}
======================================

Prevention and control of thalassaemias in the entire population of any country requires a well planned programme to establish the epidemiology of the disorders and education to raise the awareness of genetic risk in the medical professionals and the population at large. Two strategic plans should be considered. First is to offer the best treatment to improve the patients' quality of life, the best possible management should be made available to the affected patients. The basic treatment for thalassaemia including blood transfusion and iron chelation should be given to all severe cases. Second is to prevent the birth of new cases with thalassaemia diseases, which includes carrier screening, genetic counselling and prenatal diagnosis for the couples at risk. This approach may be by population screening or screening at prenatal clinics. When the women are found to be carriers, their partners should be screened. Prevention of further thalassemic offspring in the case of couples at risk can be planned by prenatal diagnosis and selective abortion. Accurate diagnosis and understanding of gene-gene interaction are important for genetic counselling and for the success of the prevention and control of thalassaemias.

This approach is cost-effective and is proving remarkably successful in reducing the frequency of thalassaemia in many countries[@ref53]--[@ref56]. In Thailand it has been estimated that the total cost for treating four major thalassaemic diseases namely Hb Bart\'s hydrops fetalis, homozygous β-thalassaemia, β-thalassaemia/Hb E and Hb H diseasesis is about US\$ 220 million per year[@ref57]. But elsewhere the cost of a total prevention programme has been demonstrated to be 1/5th to 1/10th of the cost of treating the existing affected patients[@ref58]. In Thailand more than 85 per cent of all pregnant women, the target population for primary screening, are screened annually. A pilot study in the North, at Faculty of Medicine Chiangmai University, where thalassaaemia is most prevalent showed abrupt reduction of all new cases of severe thalassaemia diseases[@ref59]. Several medical centers in other countries including those in the Mediterranean region, China, India, Lebanon, Pakistan and Iran are running the prospective programme for the prevention of thalassaemia. This will result in a reduction of newborns with serious forms of thalassaemia, Hb Bart\'s hydrops fetalis, homozygous β-thalassaemia and β-thalassaemia/Hb E diseases.

Laboratory diagnosis and screening test for thalassaemia {#sec1-7}
========================================================

The conventional diagnosis for thalassaemia carriers is usually based on measurement of the low mean red cell volume (MCV) and mean red cell haemoglobin (MCH) and the haemoglobin typing. Diagnosis of β-thalassaemia carrier is further confirmed by raised level of Hb A~2~ determined by the automated HPLC (high-performance liquid chromatography) or capillary electrophoresis (CE)[@ref60]. However, these equipment are expensive resulting in an uneconomical high cost per sample. Therefore, simple screening with combination of tests including the one tube osmotic fragility or MCV/MCH, the DCIP (dichlorophenolindophenol) dye test to detect unstable Hb E, and the plasma ferritin screening test was developed[@ref61]--[@ref64]. In Southeast Asia, both thalassaemias with iron overload and patients with iron deficiency co-exist in the same population. Thalassaemias with iron overload need iron chelation while those with iron deficiency require iron supplementation or fortification. If the two conditions are not clearly discriminated the iron-overloaded thalassaemics will be adversely affected.

The screening by one tube osmotic fragility test using 0.36 per cent buffered saline is sensitive enough to detect almost all cases of α-thalassaemia 1 and β-thalassaemia trait while over 96 per cent of normal red cells are haemolysed[@ref62]. The red cells of patients with thalassaemia and iron deficiency anaemia are decreased in osmotic fragility. However, in the vicinity of 100 g/l haemoglobin level the red cell osmotic fragility in most cases of iron deficiency anaemia is normal or slightly decreased.

The blue dye DCIP can be used to detect unstable haemoglobin, including Hb E which lacks stability because the weak α1β1 contact. Hb E molecules dissociate and precipitate upon incubation with the dye at 37°C. No precipitation or cloudy appearance is observed in normal, iron deficiency anaemia and thalassaemia trait subjects[@ref61].

Treatment {#sec1-8}
=========

The mainstay of treatment for thalassaemia major is regular blood transfusion to maintain adequate levels of the haemoglobin concentration that results in good quality of life. Iron overload in beta-thalassaemia patients is secondary to either multiple blood transfusions or increased iron absorption or the combination of both. Due to the large number of patients and limited medical resources it is not possible to give optimal blood transfusions to the majority of patients. They received no or minimal blood transfusions and no iron chelator such as desferrioxamine which is very expensive. However, the patients developed certain degree of iron overload when they come to the 3^rd^ or 4^th^ decades of life even with minimal blood transfusions. These masses of untreated thalassaemic patients develop multitude of complications such as infections, hypoxaemia, pulmonary hypertension, immunologic abnormalities and trace metals disturbances. In the absence of iron chelation, death from iron-induced heart failure occurs by the mid-teenage years. Oral iron chelator is now available, however, it is still very expensive or need special monitor. The only cure for thalassaemia by stem cell transplantation is available in some countries only. It has been shown that it is more cost- effective to provide stem cell transplantation for the thalassaemia before the age of 10, however, there is a problem to find appropriate HLA match donor.

Conclusion {#sec1-9}
==========

With its high prevalence thalassaemia is causing an increasingly severe public health burden for many countries in Southeast Asia. Since thalassaemia carriers have no symptoms and because of the complexity and heterogeneity of the disease it is difficult to diagnose thalassaemia, especially the carriers, at the small health care units. Moreover, treatment of severe thalassaemia with regular blood transfusion and iron chelation is expensive. Thus, it is difficult to persuade international health agencies and governments that thalassaemia is a genuine problem of public health importance compared with other communicable diseases that these countries are handling. WHO report adopted by the 57th World Health Assembly in 2004, Genomics and World Health, recommend that both North/South and local networks should be established as an aid to helping member countries to evolve these services[@ref65]. During the last few years a cohesive group of professional staff including the haematologists and geneticists of many countries in Asia joined hands together as Asian Network for Thalassaemia Control to disseminate good practice in the control and management of thalassaemia in Asia and to provide a central forum for interacting with individual governments and international health agencies to provide support for this objective. The main objectives are as follows: *(i)* the development and dissemination of adequate screening techniques to determine the frequency of the different forms of thalassaemia in Asian countries, *(ii)* further evolution of education and screening programmes and discussions about the possibility of prenatal diagnosis as an interim method for the control of thalassaemia, and *(iii)* the development of more adequate approaches to treatment. It is expected that within the next few years, we can help many countries in Asia to develop the national programme for the prevention and control of thalassaemia.
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